and colleagues analyzed secreted forms of A␤ in plasma and primary fibroblast media of patients with and without chromosome 14-linked FAD. These studies were based on the observation that mutations within the ␤APP gene pathologically affect proteolytic processing of ␤APP by overproducing the longer form of A␤ (A␤42; reviewed by Tanzi et al., 1996) . A␤42 is now widely believed to be the deadly player involved in AD and FAD. The two extra amino acids cause A␤ to aggregate more rapidly, it is more toxic, and it is frequently found in senile plaques of AD and FAD patients, although under physiological conditions, very little A␤42 is produced . Younkin and collaborators therefore hypothesized that chromosome 14 mutations might also cause elevated levels of A␤42. Indeed, it was found that plasma and conditioned media of primary fibroblasts of patients with chromosome 14-associated FAD contained significantly elevated levels of A␤42 (Scheuner et al., 1996) . Similar results were obtained by measuring the A␤42 concentrations in conditioned media of cells transfected with cDNAs encoding FAD-associated PS mutations Tomita et al., 1997; . Therefore, all PS-1 and PS-2 mutations analyzed have been found to increase A␤42 levels significantly but not A␤40. Similar results were also obtained in transgenic mice overexpressing PS-1 mutations Duff et al., 1996; . These results provide strong evidence for a direct link between altered proteolytic processing of ␤APP and PS mutations causing earlyonset FAD. However, the levels of A␤42 secreted into the presence of genetic modifiers in individual patients.
Bottom section: a small fraction (dashed arrow) of PS proteins is proteolytically processed, which generates stable NTFs and CTFs.
Nevertheless, it is striking that mutations in both of the The majority of PS proteins (thick arrow) appear to be degraded via PS genes change ␤APP metabolism in a similar manner an ubiquitin-sensitive pathway.
as mutations within the ␤APP gene, thus making it likely that the increased production of A␤42 is indeed a cause of early-onset FAD. (Figure 1 ). Indeed, recent findings demonstrate that A Novel Mechanism for A␤ Generation? PS-2 is ubiquitinated and subsequently degraded, most Surprisingly, both PS proteins are located within the likely by the proteasome . In this regard, endoplasmic reticulum (ER) and early Golgi (Kovacs et it may be of interest that the CTF can be phosphorylated al. Cook et al., 1996; Walter et al., 1996 ; De by protein kinase C (Seeger et al., 1997; Walter et al., Strooper et al., 1997) . In contrast, A␤ generation has 1997), a process that could regulate CTF metabolism or been shown to occur late within the secretory pathway turnover.
and later in the endocytic pathway (reviewed by Tanzi The very low level of endogenous full-length PS raises et al., 1996) , which makes it difficult to understand how the question of whether the proteolytic fragments are the ER-localized PS proteins could affect the production of biological or pathological relevance. A pathological of A␤. One possibility would be that the small amounts role is suggested by the hyperaccumulation of PS fragof A␤42 (which constitutes only ‫%01ف‬ of total A␤) are ments upon expression of mutant PS genes observed generated by a proteolytic pathway that differs from that by Tanzi and Sisodia (reviewed by Tanzi et al., 1996) . of A␤40. Such a novel mechanism is supported by the However, no obvious changes in fragment generation finding that at least some A␤42 is generated by a proteowere obtained in several human brains derived from a lytic mechanism that does not require endosomal propedigree with a PS-1 mutation (Podlisny et al., 1997) .
cessing (Tienari et al., 1997) . Moreover, it appears that Mutations within the Presenilin Genes PS-2 and probably PS-1 might bind to the immature Affect A␤ Generation (ER-localized) form of ␤APP . For investigaters who support the "amyloid hypothesis," Therefore, A␤42 generation may occur at least in part mutant PS genes were expected to alter proteolytic prowithin the ER, where PS proteins are located and could cessing of ␤APP. This has indeed turned out to be the case. Even before the PS genes were identified, Younkin interact with immature ␤APP.
The Biological and Pathological some rescuing activity (see above). Therefore, the splicing mutation could exert its pathological activity by a
Functions of Presenilins
The little we know about the normal biological function different mechanism than the point mutations, a hypothesis which must be proven in mammalian models exhibof PS proteins is derived from work carried out in C. elegans. The PS homolog in C. elegans (sel-12) was iting AD pathology. Although work in C. elegans clearly provides imporidentified by reversion of a mutant phenotype caused by constitutive activation of lin-12, a member of the tant insights into the functional properties of wild-type and mutant PS proteins, it still leaves us with the obserNotch family of cell surface receptors, implying that human PS genes might also be involved in Notch signaling vation that PS mutations in humans appear to cause nothing but AD (reviewed by Tanzi et al., 1996) , indicat- (Levitan and Greenwald, 1995) . This may indeed be the case since human PS-1 can rescue all aspects of the seling that a loss of function cannot explain by itself the pathological action of PS mutants in AD. It will be inter-12 mutant phenotype (Levitan et al., 1996; Baumeister et al., 1997 ). It appears that PS-2 can also rescue the muesting to see the further insights that targeted deletions of PS genes in mice will undoubtably provide. tant sel-12 phenotype (Levitan et al., 1996) , suggesting that both PS genes are involved in Notch signaling. How-A License to Kill? A role of PS proteins in Notch signaling is not the only ever, it cannot be ruled out that PS proteins indirectly affect Notch signaling by interfering with the trafficking potential biological function of PS. Recent work indicates that PS-2 confers apoptosis (Wolozin et al., 1996) . of cell surface proteins, including the Notch receptor.
With a functional assay in hand, it was possible to It appears that overexpression of PS-2 in nerve growth factor-differentiated PC12 cells significantly increases determine whether proteolytic processing of PS-1 is a prerequisite for its biological function. To do this, the programmed cell death initiated by trophic factor withdrawal, which was then completely inhibited by overex⌬exon 10 PS-1 mutation was expressed in C. elegans. As described above, this mutation was shown by Thinapressing a PS-2 antisense RNA. Apoptosis was even enhanced by overexpressing an FAD-associated PS-2 karan et al. (1996) to inhibit proteolytic processing of PS proteins. This mutant molecule could rescue the selmutation. Moreover, expressing antisense PS-2 RNA also inhibited cell death caused by the toxic activity of 12 phenotype to some extent (Levitan et al., 1996; Baumeister et al., 1997) . Moreover, it was shown that A␤. This phenomenon might be directly linked to the neuronal pathology and cell death observed in FAD this mutation also inhibits proteolytic processing of human PS-1 in C. elegans (Baumeister et al., 1997) , an cases. However, it is still controversial whether neuronal loss during AD is indeed caused by apoptosis. Overexobservation consistent with the fact that SEL-12 undergoes proteolytic cleavage within its large loop, like hupression of the highly hydrophobic PS proteins in transiently transfected cells might contribute to the observed man PS (Li and Greenwald, 1996) . Taken together, these results indicate that proteolytic cleavage of PS-1 is not cell death through a nonphysiological mechanism. AD Research at the Turn of the Century an absolute prerequisite for functional activity of PS-1, although this mechanism is highly conserved during Work on the biological as well as pathological functions of PS genes has contributed substantially to our knowlevolution.
A deletion analysis revealed that the C-terminal doedge of the molecular mechanisms causing AD as well as FAD. Again, the pivotal importance of A␤42 is being main of PS-1 including TM7 is dispensable, while the large cytoplasmic loop between TM6 and TM7 is necesemphasized, since FAD-associated PS mutations increase its production. Moreover, work in C. elegans prosary for the biological function of PS-1 (Baumeister et al., 1997) . The importance of this domain is also highvides the first biological assay to screen for further genes that might be involved in the prevention or enlighted by the finding that numerous FAD-associated mutations appear to cluster within the large loop (Sherhancement of the molecular mechanisms causing AD. We now must identify proteins that interact with PS. rington et al., 1995; reviewed by Tanzi et al., 1996) . In addition, one sel-12 allele (arg133) encodes a functionSuch knowledge might help elucidate the molecular interactions required for normal and abnormal function of ally deficient protein ending at position W381, preserving the entire large loop. One could therefore argue that PS as well as the mechanisms involved in pathological A␤ formation. Animal models exhibiting full AD patholthe large loop has to be membrane bound by both TM domains to maintain its biological activity. Thus, ogy will certainly contribute to these upcoming chalchanges in the primary and/or tertiary structure of PS lenges. Therefore, the community of AD researchers will molecules might result in a loss of function. This is supbe busy for the foreseeable future with the remaining ported by the interesting observation that all FAD-assomysteries of AD. ciated point mutations so far analyzed exhibit a strongly Selected Reading reduced ability to rescue the mutant sel-12 phenotype (Levitan et al., 1996; Baumeister, 1997) . These mutations
